-

Z SYS T E M Solutions for Embedded Systems Development V9.9.88

User’s Guide

Profiler

1 Introduction

From the functional point of view, the profiler can be used to profile functions and/or data.

1.1 Functions Profiler

Functions profiler helps identifying performance bottlenecks. The user can find which functions are most time
consuming or time critical and need to be optimized.

Its functionality is based on the trace, recording entries and exits from profiled functions. A profiler area can be
any section of code with a single entry point and one or more exit points. Existing functions profiler concept
does not support exiting two or more functions through the same exit point. Exit point can belong to one function
only. In such cases, the application needs to be modified to comply with this rule or alternatively data profiler
with code arming can be used in order to obtain functions profiler results.

The nature of the functions profiler requires quality high-level debug information containing addresses of
function entry and exit points, or such areas must be setup manually. Profiler recordings are statistically
processed and for each function the following information is calculated:

- total execution time

- minimum, maximum and average execution time

- number of executions/calls

- minimum, maximum and average period between calls

Functions profiler relies on a fact that recorded instructions are executed. This can be a problem on CPUs with
the internal CPU pipeline, where fetched cycles are dropped from the CPU pipeline before they come to the
execute stage due to the change in the program. For instance few instructions following executed branch or
return from subroutine instruction are fetched but not executed. Hence, functions profiler is supported on
development systems with full CPU bus trace being capable to distinguishing between fetched and executed
cycles, and on development systems with message based trace, which provide information on executed program
only by default.

1.2 Data Profiler

While functions profiler is based on analyzing code execution, data profiler performs time statistics on the
profiled data objects, which are typically global variables. Typical use cases are task profiler and functions
profiler based on code instrumentation.

Task Profiler

When an operating system is used in the application, task profiler can be used to analyze task switching. When
the task profiler is used in conjunction with the functions profiler, functions’ execution can be analyzed for each
task individually.

Code instrumentation

Newer development systems may not provide full CPU bus trace on which functions profiler can be
implemented without troubles. Such development systems (e.g. MPC5500, V850ES/Fx3, ARM ETM, MPC56x)
normally provide a message based trace. Consequentially, a standard long lasting functions profiler is no longer
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a default feature since normally the on-chip message based trace provides a very limited amount of address
qualifiers or even non.

When there is no better alternative (e.g. on-line profiler based on Nexus RTR on MPC5500, ETM RTR on
ARM?7/9 and RTR Execution on V850ES/Fx3), the user can use data profiler in order to obtain functions profiler
results. This approach requires code arming and an on-chip trace, which allows recording write cycles into a
single data variable (data trace or OTM trace). CPUs featuring ownership trace (OTM) include a so-called
dedicated ownership trace register (OTR) and the on-chip trace can be configured in a way that only accesses to
the OTR are recorded. Ownership trace is available for instance on Freescale MPC56x, Freescale
MAC7100/7200 and National Semiconductor CR16 family. Profiled functions must be armed with minimum
source code at each function entry and exit point, writing a specific value to the OTR or to the predefined data
variable. Note that these results provide very accurate information on functions execution time.

Some tool vendors advertise functions profiler functionality based on other techniques like periodically sampling
the program counter, which don’t yield exact results, or impose severe restrictions on the run-time environment.

Code arming technique can be used also on development systems with full bus trace however this makes sense

only for CPUs with internal pipeline, where the tool cannot distinguish between fetched and executed cycles
among the recorded cycles. (e.g. Freescale 68K and Freescale CPU32 family).

2 Hardware Operation

Depending on the architecture and the development system, profiler can operate either in off-line or real-time
operation mode.

2.1 Off-line Profiler

Initially, off-line profiler has
Analyzer Setup been introduced on on-chip

debug emulation systems with

Operation

: | S I the message based trace port,
~Trace .whe.re a concelpt.used in the
. in-circuit emulation systems

Qperation mode - ;
=F IETM J seemed to be not feasible. A
standard trace is wused to
i~ Profiler collect the program flow and
Buffer size |‘||:|°/° j then software analysis is
performed off-line to obtain
Buffer compression INu:une j the profiler results. Time of

program  execution being

_ 23 tested directly depends on the

~ Execution Coverage w5 target CPU speed and the
D peration mode wy trace buffer size. Upload time

to the PC depends on the
Buffer size 100% j trace buffer size and the
iC3000 wunit. In case of
iTRACE GT or Active GT
development platform with

Dizclaimer: due to On-Chip and RTR pipelines, recorded 1GB or more trace buffer, it is
times do not exactly match CPU core execution timings recommended to use
ic3000GT unit which offers a

high-speed trace upload to the

OK I Cancel Help PC. Off-line profiler buffer

size is configurable in the
‘Hardware/Analyzer Setup’ dialog (1, 10 or 100%). Additionally, off-line profiler offers “trace” buffer
compression selection, which is set to ‘None’ per default. Setting any other compression rate increases a total
recording time but by sacrificing time stamp information. The higher the compression rate is more trace
messages are packed into a single trace buffer frame together with single time stamp information. In worst case,
this may yield packing several messages belonging to two or even more functions’ calls into a single frame.
Later when the trace buffer is loaded to the PC, the debugger would reconstruct a complete execution flow for
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these functions but all the code belonging to the packed messages would have the same time information. In such
case, profiling these functions doesn’t work since profiler metric is based on measuring time between function
entry and exit. For this particular case, displayed time difference would be zero which is not correct. Hence, if it
is really required to prolong the profiler total session time, use compression with caution!

2.2 Real-time Profiler

Real-time profiler is based on a hardware logic, which in real-time monitors profiled addresses only. This yields
longer total recording time comparing to the off-line profiler. For instance, to profile a function it is necessary to
record only function’s entry and function exit point, which real-time profiler does. However, off-line profiler
records function’s entry and exit and all the code executed in between and thereby wastes valuable trace buffer
by recording information irrelevant for such particular profiler session.

Real-time profiler is available for all in-circuit emulation systems with bus trace (including V850ES/Fx3
ActivePRO POD, which has different trace port type) and on-chip debug emulation systems with trace port,
where iISYSTEM proprietary RTR technology is implemented (MPC55xx except for MPC551x, MPC56x, ARM
ETM)

2.3 Upload While Sampling

Typically, the execution time of the profiler is limited by the trace buffer size and cannot run infinitely.
iSYSTEM now offers a distinct ‘upload while sampling’ feature on their high-end development systems. This
allows infinite profiler, when the CPU runs slow enough that the trace buffer is uploaded faster than the new
trace messages, coming from the CPU trace port, are filling the trace buffer. Even when the CPU runs at higher
frequencies, 1GB (and more) trace buffer with ‘upload while sampling’ capability can significantly increase the
total recording time.

This functionality requires no configuration and is operational on certain development systems (iC3000GT +
iTRACE GT interface card + iTRACE GT) per default.

3 Toolbars
Oriolcae=2a|ao
Toolbars are explained in order from the left to the right.

3.1 Analyzer Tools

Profile
The profiler allows profiling of Functions and Data objects (including OS objects).

The Function profiler is realized by tracing function entries and exits while Data profiler is realized by tracing
data write accesses. Not all development system may feature data profiler.

Start at

The starting point determines the executing program address for the profiler to start. You may use this option to
synchronize multiple profiler sessions on the same event.

Keep history

Check the ‘Keep history’ option if History view is going to be used during the results analysis. If the option is
unchecked, all recorded profiler data are discarded after the statistic information is calculated and no information
is displayed in history view. However, when the option is checked, history view shows profiler events on the
timeline for some amount of time and from some point on this information is no longer displayed in order to
prevent system resource drain and to speed up the profiler operation.
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Auto start with CPU

When checked, the profiler is started whenever the debugger resumes the application.

Analyzer Tools x|

Profiler |

Profile Startat
¥ Functions I,ﬂ.nything =] J
r Dam [T Include 05 ohjects
¥ Keep history ¥ Ignore unknown functions
[T Auto start with CPU W allow functions without exits
[™ Limit session duration | 30 5 ¥ Ignore functions which exit on entry

— Areas I Functions Data l
Address_DifferentFunctionParameters “ Mew... |
Address_GlobalVariables

Address_TestScopes Remaie |
CFINIT =

CPU_Init _
CPU_Fointers Edit... |
CPU_Recursion

Factarial Select All. . |

Funci

Frimr? LI

™| Include function lines

™ allow jumps on funckion ¥ WDDATA...

[ Load last session when opening workspace

OTE: If Functions profiling is used in a multitasking application,
inIDEA must be aware of the operating system.

QK I Cancel Apply | Help |

05 Setup... |

Analyzer Tools dialog

Limit session duration

The profiler session duration is limited to the specified number of seconds when checked. After the specified
duration, the profiler stops recording.

Ignore unknown functions

When checked, winIDEA will ignore (instead of reporting an error) functions who were for instance manually
defined but no match can be found in the symbol table.

Allow functions without exits
When checked, profiler allows functions without exits (typically main on embedded applications).
It is legal for a function to have no exit, but on some occasions the compiler might choose an instruction

sequence other then the return instruction to exit from a function (Z80 example: RET = POP HL / JP(HL).
winIDEA does not detect such exit points and profiling such functions will cause a profiler error.
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Ignore functions which exit on entry

When checked, winIDEA will ignore (instead of reporting an error) functions whose only instruction is the
return statement. Such functions defeat the concept of the profiler, which requires separate entry and exit

point(s).

Load last session when opening workspace

When checked, the last session will be reloaded when the workspace is opened.

3.2 Start Profiling

Starts profiler session.

3.3 Stop Profiling

Stops profiler session

3.4 Load Saved Data

Saved profiler session is loaded.

3.5 Save Recorded Data

Current profiler session is saved.

3.6 Export

Exports profiler results.

Export

File  |Demo.txt

X

Format IText j CpHEns, .. |

¥ Launch Assodated Viewer

~ Scope Task

= 4l Areas £ pewtral

£ Selection Al

£ Current

— Information

¥ statistics

[™ History

[~ Data Object Mappings

Ok I Cancel

3.7 Show statistics view

Shows profiler results in statistics view.
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3.8 Show timeline view

Timeline view of profiler results.

3.9 Show Code

Shows Functions profiler results.

3.10Show Data

Shows Data profiler results.

4 Examples

4.1 Example 1

A TMS470 application is profiled to get an overview on how much time the CPU spends in each C function.
e  Open the ‘Analyzer Tools’ dialog by pressing the ‘Analyzer Tools’ toolbar in the Profiler window.
e  Check ‘Functions’ option in the ‘Profile’ field.

e  Select function main for the start point or keep it blank, which yields start as soon as the application is
running and the profiler is started.

e Press ‘Functions’ button in the ‘Areas’ field, then press ‘New...” button and use default ‘All functions’
setting.

e Now, all project functions are defined for profiled areas.
e  When profiler history view is required, make sure that the ‘Keep history’ option is checked. This
slightly slows down the profiler operation since the recording results are kept in the PC memory, which

are otherwise dumped after the profiler statistics is calculated.

Next picture depicts current functions profiler settings.
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Analyzer Tools Ei |

Frofiler | Access Coverage I

Profile Start at
¥ Functions IEgecute j Imain J
[CData T [rclivde 05 obijests Time stamp ITime ,I
_I,! ™ Ignaore unknown functions
[T Auto start with CPU [T Allow functions without exits
™ Limit gezsion duration |3EI 3 [ lgnore functions which exit on entry

V¥ Load last session when opening workspace

— Areas I Functionz [rata !

Addressz_Globalanables -
Address_TestScopes

CPU_&zzembler =
CPU_Irit Zere
CPU_Painters
CPU_Recurzion

Factarial
Func LI Select All.

N helude frnctiamines
[T Allawijumes anfumnetien

Edite.

[}

(] Cancel Sl Help

e Reset the system, start the profiler and run the application. Profiler stops recording after the trace buffer
fills up or the program is stopped and then displays the results. Let’s inspect the profiler results.

e  Check if ‘Show code’ toolbar is pressed and then press ‘Show statistics view’ toolbar for statistics view.

Profiler M= &=
O eolcad=aED Tatal 5261
Functions [All tasks] | Time I Peicentage
- f% Typs_Sinple 452789331 ns [N 5. 51~ =

& Type_Arrays z.843776551 = [N ;O
- f% Type_Pointers 95 846395 msll 82k
- f% Type_Struct 0 n= 0.00%

- % Type_Bitfields 117 478999 ms.2.23°/.
- £ Type_Enum 74880496 msll.42%
- Mult 95 846397 msl1.82x

& Type_FunctionPointer 181 043210 ms.3.44x
- f% ResstStri 119 144441 ms.Z 265
- fk Type_Mixed 115 146755 ms.2.1‘3"/. =
- & TestStatic 53.248016 msll.Ul’/.

- f%& hddress GlobalVariables 95 . 2846378 msll.BZX

- & hddress TestScopes 0 ns 0.00%

- % Funcl 0 ns 0.00% ﬂ
Time | Awerage Max | Min | Calls |

4 | b| Profiler 4 Access Coverage

e C(Click on a specific function (e.g. Type_Arrays in our example) in the profiler window and select
‘Properties’ from the local menu to obtain all the profiler details for this particular function.
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Properties [ x] I

General |
M ame IT_I,Ipe_.-’-".rra_l,ls
Count |2497
Time |2.843776551 5

Ayerage time I'I 38BEFF me
Ma. time [1.139348 ms
Min. time [1.139333 ms

Average period |2.'I 07495 mz
Max. period  [2103573 ms

Min. period 2105590 ms

Details (Statistics, History) of all profiled functions can be easily exported in a text file using the ‘Export...°
from the local menu (right mouse click) in the profiler window.

Export |

File

Format I Test j (Gt |

¥ Launch Associated Wiewer

— Scope Tazk

= Al breas & et

£ Selection |

£ Surment

— Information

W Statistics

[~ Histary

[" Data Object Mappings

OF. I Cancel

When it’s necessary to obtain more details about behaviour within a profiled function (for instance, in which
source line or part of the function the CPU spends most of the time), include source lines when adding a function
to the profiled areas. Note that more profiler areas defined means less total session time due to the limited trace
buffer depth. This applies for real-time profiler operation mode.

e  Press the ‘Show history view’ toolbar for history view.
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Profiler |=[O] =]
I IEFIEIEE= Tad | 5a1e
lns |2.DDDD|DD ms|4.DDDD|DD mslﬁ.DDDD‘DD mslB DDDD|DD ms; D.DDDlﬂDD msI ;3.DDD|DDD ms‘ rB.DUUlﬂI
I 1 1 I 1 1 1 1 I 1 1 I 1 1 1 1
Functions I Mested Level Time Graph
- J, Type_Struct oo ﬂ
- & Type_Sinple an I I I I I I I I
/& Typs_Pointers oo ‘ | | | | | ‘
& Type_Mized oo I I I I I | |
& Type_FunctionPointer oo I I I I I I I
& Type_Enum oo | | | ‘ ‘ | |
- Type_Bitfields oo | | | | | | |
- | Type_kzrays i EE I I I B B .
& TestStatic oo | | | | | | |
-~ % ResstStri oo | I | | | | |
o Hult i | | | | ] ] ]
&, Func3 oo =l
P1 | 123000ms P2 | 10.000ns Deka | 123.000ms
;I]_I |
4| » | Profiler 4 Access Coverage

Two markers can be set in the history view, which allow time measurements. Left mouse click sets marker 1 and
Ctrl + left mouse click sets marker 2. Time difference (Delta) between the markers can be seen at the bottom in
the profiler window.

4.2 Example 2

The development environment is built around Freescale MPC5554 platform running OSEK operating system.
Setup task profiler using data profiler and functions profiler to profile all C functions.

OSEK task profiler is setup by checking ‘Data’ and ‘Include OS objects in the profiler configuration dialog.

Analyzer Tools |

Frafiler | &ccess Coverage I

Praofile Start at

] I.-'i‘m_lrlthing jl
W Data W Include 05 objects Time stamp m

V¥ Keep histony ™ lgnore unknown funchions
[T Ao stark with CPU V¥ Allows functions without exits
[ Limit session duration |3EI 3 W lgniore functions which exit on ety

V¥ Load last session when opening warkspace

Functionz ” [rata

— Areaz

Hemove

Edlif:.

.

Select All.

™ helude funstionlines
[T llawjumps arfunstion |_ kAL

k. I Cancel A | Help |

It’s presumed that the OSEK awareness is already configured in the ‘Debug/Operating System’ dialog.
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Operating system E |

Operating Systemn |

|ORTI (DSEK.CMx)

Hardware Tazk debugging
™| Enatled (steppitig, Breakpaints, ...
= | smalvzer finetions (frace, prafien ...

Debugged T ask I j

(] | Cancel | e m | Help |

OSEK operating system selected in the ‘Debug/Operating System’ dialog

05 Setup |
ORTI [OSEK.CM) |

ORTI file
GEM.ORT

Frafile these 05 objects

W Tazks [RUNMNINGTASEK]
[w|Curent zervice  [SERVICETRACE)
[15ervices [CURREMTSERYICE]
[11SR: [RUNMINGISR]

S

™| Tk i e ek [ abiest

(] 4 I Cancel S | Help |

OSEK specific information setup in the ‘OS Setup’ dialog

Functions profiler is configured in the same way like in the previous example. Below picture depicts final
profiler configuration.
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Analyzer Tools Ei |

Frofiler | Access Coverage I

Profile
¥ Functions
W Data W Include 05 objects

Start at

I.-'-‘-.n_l,lthing j I
I Time - I

=

Time ztamp

V¥ Keep history
[T Auto start with CPU

™ Limit gezsion duration |3EI 3

™ Ignaore unknown functions
W Allow functions without exits

W lgnore functions which exit an entry

V¥ Load last session when opening workspace

— Areas I Functionz [rata !

ErrorHook il Mew,
HwSpecBeforeStart0s —

Huw5 peclnitT imerl nt Eemove |
Huw5 peclntermiptE ntry

HwS peclnterruptE xit Edit.. |
StartupHook,

_STD__15_ frameinfo_add

ST 05 mallac o[ | Beselinl. |
N helude frnctiamines

[T Allawijumes anfumnetien I |

(] Cancel Sl | Help |

e Press ‘Show Data’ toolbar for task profiler information.

Profiler

M=l B

aeriolcalgxalam Toal|  zesime

W NO_TASK 11.542772 o= | NN 13 62~

If'f Current service

| Data Time | Percentage
-1 Tasks
B cxtendedTaskFirst 22850886 ns 26.97%
M extendedTaskSecond 9.77729% n= | 11 544
M basicTaskThird 0 ns 0.00%
M basicTaskSecond 3.788736 sl 4. 47
M basicTaskFirst 36521050 o= [ NN :: 10

Time | Average Ma | Min | Cals |

4| ¥ | Profils £ Access Coverage

Task profiler statistics view

Profiler
o »olEd==zlam
|l 2000w 2000w 5000w 2000w 2000w 3000w X000 3000
! | | \ | | | \ | | \ \ | | | \ \ I
Data | Time | Time Graph
I Tasks
M extendedTaskFirst 22 850286 ms [ ] [ I | [ ] [ | [ [ |
M extendedTaskSecond 9777293 ns [ [ ] ] [] [ ] [}
-M basicTaskThird 0 ns
~M basicTaskSecond 3.788736 ns [ ] 1 1 1
Bl basicTaskFirst 36521050 ne mE . [ N | [ N | [ N | [ B | |
“Ml NO_TASK 11.542772 ns [ ] 10 [] (N | 1 [] 11
Fl | 202.003us P2 | 10000ns Dele | 202998us
d I
4 [» M Profiler £ hcoess Coveiage
Task profiler history view
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Functions profiler results (press ‘Show Code’ toolbar) can be displayed for all tasks or just a specific one
(selectable from the local menu). Below picture shows functions profiler results for the specific task named
extendedTaskFirst in this particular example.

Profi [ [O] ]
SEEE I CIEEE I
190.000us  210.000us 23EI.EI‘UUus i 25UUIUEIus ; ZFU.EI‘UUus ; ZSUUIUUus ; STU.U‘UUus i 33UUIUUus ; SBU.U‘UUUS ;
1 | I | ) | | I | | | I | | 1 I | |
| Functions | Hested Level | Time Graph
&, osUnhandledExternal Interrupt on ]
/& oslnhandledException i =
- f, osTrap 02 \ 1 i moo [N meo
- /& osTimerInterrupt_tnp o0
/&, osTinerInterrupt_cat2 Statislics View oo
/&, osTinerInterrupt 0
History v
£ osTerninateTask IR oty viow 1 I - .
- /&, osSystenStackivert low Tzl Al tasks
- f&; psSyshctivateTask
£ 2=StopCoN Zoomin  Mum+ B
p | 2 P2 000 Deta || ZoomOut  Num- extendedT askSecond
Expatt basicTaskThird
Le basicTaskSecond
5[ Tasks T suoFi asle asaecan =
M cstendedTaskFirst % et [ . [ | [ | [ | [ . |
M extendedTaskSecond R N NO_TASK. [ ] [ ] [ ] [ ] [ ]
indow type
M basicTaskThird S Task FFFFFFFF)
M basicTaskSecond EF Hide Shift+Esc [ ] 1 1 1 1
M basicTaskFirst 36.561050 ns HE [ Nl | [ N | [ N | [ N |
BI NO_TASK 11.542772 ns [ | 1 [N | 1 1 11 (] 1 11
Lty I
F1 | 281568us P2 | 10.000ns Dela | 281558us
i
4 ['v |\ Profiler 4 Access Coverage

4.3 Example 3

Data profiler will be configured to obtain functions profiler results on Freescale MPC56x development system,
which features an ownership trace (OTM).

e Open the ‘Analyzer Tools’ dialog by pressing the ‘Analyzer Tools’ toolbar located in the Profiler
window.

Analyzer Tools |

Frafiler | &ccess Coverage I

Profile Start at
[ Functions I.-'-‘m_l,lthing jl

W Data [ Include 05 objects Time stamp Im

V¥ Keep histony ™ lgnore unknown funchions
[T Ao stark with CPU W Allows functions without exits
[ Limit session duration |3EI z W lgnore functions which exit an enty

¥ Load last session when opening workspace

Functionz | I [rata

— Areaz

Hemove
Edit..

Select All..

I

™| helude funstion lines
=} e jumpe o funetion v

(] 4 I Cancel S | Help |

OTHM...
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e Check ‘Data’ option in the Profile field

e  Check the check box beside the ‘OTM...” button and press the ‘OTM..." button to open the Profiler
Data Area dialog.

Profiler Data Area E2 |

Dezcription

Cancel

i

Address [0TH

I

Size I Entire object

Walue alias definition
| #define fle =] [0TMDefs h

LL_

|nterpretation

L

I.-’-'-.rea entrydexit ident by Zero

¢ Name a data object.

e Select ‘#define file’ option from the combo box and specify the define file in the ‘Value alias
definition’ field. It’s assumed that define file is written prior to this step.

Per default, the values that the data object assumes will be shown verbatim in the profiler window. If
the definitions for these values are provided in the define file, the more descriptive form is displayed in
the profiler window. In this example, OTMDefs.h describes possible OTR values. The excerpt from the
OTMDefs.h:

#ifndef _ OTMDefs_h
#define __ OTMDefs_h___

#define fn _main 1
#define fn mainExit 0
#define fn Type Simple 2
#define fn Type_SimpleExit 0
#define fn Type Arrays 3
#define fn_Type ArraysExit 0
#define fn_Type Pointers 4

S

#define fn_Type_ PointersExit

#endif

e A data object serves as an indicator of function/service entries and exits. Select ‘Area entry/exit ident by
Zero’ option in the ‘Interpretation’ field. In this case, the data object value O indicates that the function
has exited. All profiled functions should write zero to the data object (OTR) on exit. The profiler
assumes which function exited on recorded 0 by examining previously recorded entry point.

e Close the ‘Profiler Data Area’ dialog. The profiler is now configured.

In final step, the source code is modified. For all function entry and exit points, a write to the OTR is added.
OTR, used later in the source code, is defined in the following way:
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#define OTR *(volatile unsigned long *)0x38002C

Below is an excerpt of the modified code from this example.

void main()

{ OTR= fn_main;
%}ée_Simple();
%}ée_Arrays ()7
Type_Pointers ();
5TR= fn_mainExit;

}

void Type_Simple ()

{ OTR= fn_Type_Simple;
b%§= fn_Type SimpleExit;

}

void Type Arrays ()

{ OTR= fn_Type Arrays;
b%ﬁ= fn Type ArraysExit;

}

void Type_ Pointers ()

{ OTR= fn_Type_Pointers;
b%§= fn_Type PointersExit;

}

Only functions, which need to be profiled, have to be code armed. Finally, the profiler can be run.

e Press ‘Show Data’ toolbar for OTM profiler results.

Profiler H[=] E3
ok El|_'§ H||?j=_f||£|@ Tatal 544,580 ms
Data I Time | Percentage
-t OTH Profiler

- Type_Simple() 4g.086160 ns [N 0=

W Type_Arraysi) 292 987320 m=s 34 .69%

W Type Pointers() 18.823560 ms- 2.23%

M Type_Struct() 12.779510 ne [N - .07

M Type_Bitfields() 16.448930 ns|if 1.95%

M Type_Enum{ ) 8.322270 ms.D.gg“/.

M Type_FunctionFPointer() 26307950 no| 3 11%

1 Type_HWixed() 24437930 ne|l 2. 89%

- Address_GlobalVariables() 17.547200 ms- 2.08%

M Address_TestScopes() 55606350 ne NG ¢ 55~

M Address DifferentFunctionParamsters() 115720060 n={ N L 0c:

W CPU_Pointers() 5.127250 msfo.61%

- Recursion() 61.810510 e NN 7 :2=
Time | Average | hax | Min | Calls |
4 | >| Profiler 4 Access Coverage

Statistics view
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Profiler =] E3

ok D|_’i H\i |=_=-ﬂ|E|E Total 544,580 ms
H 1B.STD|DUD ms 18.920|DUU ms 16 93U|DDU ms TE.S4U|DUU ms 1E.SSU|UDU ms  1E
1 1 1 1 1 I

Data I Time I Time Graph
EE] OTHM Profiler

- Type_Sinple() 43 086160 m= -

- Type_arrays() 292 987320 m=s _

- Type_Fointers() 18 . 823560 m=

- Type_Structi() 42 779510 ns

- Type_Bitfields=() 16.448930 m=

-1 Type_Enumi ) 8.322270 ms

-} Type_FunctionFointer() 26.307950 n=]

-1 Type_Mimed() 24.437930 n=

-~ Address GlobalVariables() 17 . 547200 ms .

- Address TestScopes() 5. 606380 ms ]

- Address DifferentFunctionParaneters() 116. 720060 n=s ]

-~ CPU_Pointers() 5.127280 m= I

-l Recursion(} 61.510510 n=s [ ]
P1 | 10000ns P2 | 10.000ns Deka | 0.000ns
Kl .|_| b
4 | b | Prafiler 4 Access Coverage

History view

Let’s see the differences if the OTR is replaced by a global variable. Instead of pressing ‘OTM..." button in the
‘Analyzer Tools’ dialog, press first the ‘Data’ button to select the data areas and then press ‘New...” button to
open Profiler Data Area dialog. Configure a new data object, which is a byte variable called
m_byProfilerlID. Next picture depicts the settings, which yields profiling m_byProfilerlD
variable.

Profiler Data Area Ei |

Drezcription IMF‘EEEH Profiler

Cancel

di

Address [#m_byProfilerD

L L

Size I Entire object

Yalue aliaz definition
| #define fle =] |0TMDefs.h

|nterpretation

I.-’-'-.rea entrydexit ident by Zero j

Profiler Data Area dialog

All writes to the OTR in our source code should be now replaced with writes to the m_byProfileriD.
Below is an example of main function writing to the global variable (e.g. m_byProfilerID) instead to the
OTR.

void main ()

{
byProfilerID=otrMainEntry;

Type_Simple();

Type_Arrays ();
Type_Pointers ();
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byProfilerID=otrMainExit;

Now the profiler can be run and the results analyzed as before.

4.4 Example 4

This example is very similar to the example 3 since the same concept is used but on an in-circuit emulator.
Typically, an in-circuit emulator features functions profiler by default. Still, in this example, the data profiler is

configured to obtain the functions profiler results on NEC V850ES/Fx3 ActivePRO development system.

This same approach can also be used to profile custom events in the application. For instance, the user first
identifies custom events (e.g. check points) in the program and then equips those with extra code writing to a
global variable. The data profiler can then profile that global variable and the user gets insight into the events’
behaviour respectively application behaviour.

e Open the ‘Analyzer Tools’ dialog by pressing the ‘Analyzer Tools’ toolbar located in the profiler

window.

e  Check the ‘Data’ option in the Profile field.

Analyzer Tools

Frafiler | &ccess Coverage I

Prafile
[ Functions
W Data [ Include

05 objects

v

[T Ao stark with CPU
[ Limit session duration

¥ Load last session when opening workspace

I Functionz

— Areaz

|3EI z

[rata |

Start at

I.-'-‘m_l,lthing j I

Time stamp m

[ lgnore unknown functions

W Allows functions without exits

V¥ lgnore functions which exit an entry

™| helude funstion lines
=} o jumps o funete

I

1l
Hemowe
Edit...

Select All..

dal

]|

o ]

Cancel

Al

Help

e  Press the ‘Data’ button to define the data areas. Next, press the ‘New...” button which opens the

‘Profiler Data Area’ dialog.
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Profiler Data Area

D escription IF'rl:ngram Prafiler

\_I
Iy
B

Addiess I#m_dwFunctiDnID Cancel

L

Size I Entire object

Yalue alias definition
| #define fle =] [FunctionlD

Interpretation
I.-'l'«rea entryexit ident by Zera j

e Put a name (e.g. Program Profiler) in the Description field and specify the address of the variable to
which the code armed application will write on function entry and exit (e.g. dwFunctionID).

e Select ‘#define file’ option from the combo box and specify the define file in the ‘Value alias
definition’ field. It’s assumed that the define file is written prior to this step.

Per default, values that the data object assumes will be shown verbatim in the profiler window. If the
definitions for these values are provided in the define file, the more descriptive form is displayed in the
profiler window. In this example, FunctionID.h describes possible m_dwFunctionID global variable
values. Below an excerpt from the FunctionID.h:

#define fn_Address_DifferentFunctionParameters 1
#define fn_Address GlobalVariables 2
#define fn_Address TestScopes 3
#define fn_Func1 8

#define fn_Func2 9

#define fn_Func3 10

#define fn_Type_Mixed 21

#define fn_Type_Pointers 22

#define fn_Type_Simple 23

#define fn_Type_Struct 24

#define fn_main 39

It is recommended that the application is modified in a way, that the added code is compiled and linked
into the application conditionally. That means that the original unmodified application can still be easily
tested too by simply commenting for instance one #define. Let’s assume that we define Profiler.h
header file, which is then included in the main.c. The excerpt from the Profiler.h:

#ifndef __ Profiler h
#define __Profiler_h__

#define PROFILER_ENABLE
#define PROFILER_TYPE long

#ifdef PROFILER ENABLE
#include "ProfilerFuncs.h"
extern PROFILER_TYPE g_ProfilerID;

#define PROFILER_ENTRY(FN_NAME) g_ProfilerID=FN_NAME;
#define PROFILER_EXIT g_ProfilerlD=0;

#else /* PROFILER_ENABLE */
#define PROFILER_ENTRY(FN_NAME)
#define PROFILER_EXIT

#endif /* PROFILER_ENABLE */
#endif /* __Profiler h__ %/
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Now, as long as the application needs to be code armed for debugging needs, set
#define PROFILER_ENABLE

in the Profiler.h. When performing the final application test or when functions profiler via data profiler
is no longer required, simply comment the define

// #define PROFILER_ENABLE
and recompile the project, which results in the original application code without code arming.

e A data object dwFunctionID serves as an indicator of function/service entries and exits. Select ‘Area
entry/exit ident by Zero’ option in the ‘Interpretation’ field. In this case, the data object value 0
indicates that the function has exited. All profiled functions should write zero to the dwFunctionID data
object on exit. The debugger can assume which function exited on recorded 0 by examining previously
recorded entry point. Note that this concept works always as long as all functions writing O on exit are
profiled.

® Close the Profiler Data Area dialog. The profiler is now configured.

¢ In final step, the original source code must be code armed. For all profiled functions, entry and exit
points must write to the m_dwFunctionID global variable. Below is an example of the code armed
source:

void main()
PROFILER_ENTRY(fn_main);
'7"'ype_S/mple( );

'7"'ype_A rrays ();
Type_Pointers ();

PROFILER EXIT
}

void Type_Simple()
PROFILER_ENTRY(fn_Type_Simple);

PROFILER EXIT
}

void Type_Arrays ()
{
PROFILER_ENTRY(fn_Type_Arrays);

PROFILER EXIT
}

void Type_Pointers ()
{

PROFILER_ENTRY(fn_Type_Pointers);

PROFILER EXIT
}

Note that only functions, which are profiled, have to be code armed. Finally, run the profiler and inspect the
results.
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Disclaimer: iSYSTEM assumes no responsibility for any errors which may appear in this document, reserves the
right to change devices or specifications detailed herein at any time without notice, and does not make any
commitment to update the information herein.

© iSYSTEM. All rights reserved.
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